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WHAT IS CLAIMED IS: 



in 



1. A magnetoresistive s en so'J comprising: 



a first conductor layer; 
a J f ree ferromagnetic layer/ provided on said first 
conductor layer; 

a nonmagnetic intermediate layer provided on said 
free ferromagnetic layer; 

a pinned ferromagnetic/ layer provided on said 
nonmagnetic intermediate layer; 

an antif erromagnetic/ layer provided on said pinned 
ferromagnetic layer; and 

a second conductor /layer provided on said 
antif erromagnetic layer; 

wherein at least /one of said free ferromagnetic 
layer and said pinned ferromagnetic layer has a. thickness 
larger than that providing a maximum resistance change 
rate or resistance change amount in the case of passing a 
current in an in-plape direction. 

2. A magnetoresistive sensor according to claim 1, 
wherein .the thicknefss of at least one of said free 
ferromagnetic layer and said pinned ferromagnetic layer 
falls in the rangi of 0.5 to 2.0 times the mean free path 
of conduction electrons in a spin direction not spin- 
dependenjtly scattered in a magnetization direction of 
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said at leasu one layer 

3. A magnetoresistive sensor according to claim 2, 
wherein the thickness of at least one of said free 
ferromagnetic lajter and said pinned ferromagnetic layer 
falls in the range of 3 run to 12 nm. 

4. A magnetbresistive sensor according to claim 1, 
wherein said pinned\ ferromagnetic layer has a laminated 
ferri structure. \ 

5. A magnetoresistive sensor according to claim 1, 
wherein said free ferromagnetic layer has a laminated 
ferri structure. \ 

6. A magnetoresistive sensor according to claim 1, 
wherein said nonmagnetic intermediate layer has a 
thickness larger than that providing a maximum resistance 
change rate or resistance change amount in the case of 
passing a current in an im-plane direction. 

7. A magnet ores is t Ave sensor according to claim 5, 
wherein said nonmagnetic intermediate layer is formed of 
Cu, and has a thickness falling in the range of 4 nm to 6 
nm. \ 

8. A magnetoresistivexsensor according to claim 3, 
wherein said free ferromagnetic layer and said pinned 
ferromagnetic layer are formed! of a material selected 
from the group consisting of Cd, CoFe, CoFeB, and NiFe. 
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9. A magnetoresistive /sensor comprising: 
a first conductor layer; 

a first antif err omadrietic layer provided on said 
first conductor layer; / 

a first pinned ferromagnetic layer provided on said 
first ant if erromagnetic layer; 

a first nonmagnetic intermediate layer provided on 
said first pinned ferromagnetic layer; 

a free ferromagnetic layer provided on said first 
nonmagnetic intermediate layer; 

a second ndnmagnetic intermediate layer provided on 
said free ferromagnetic layer; 

a second pinned ferromagnetic layer provided on 
said second nonmagnetic intermediate layer; 

a second antif erromagnetic layer provided on said 
second pinned /ferromagnetic layer; and 

a second conductor layer provided on said second 
antif erromagnetic layer. 

10. k magnetoresistive sensor according to claim 9, 
wherein at /least one of said first pinned ferromagnetic 
layer, saiii second pinned ferromagnetic layer, and said 
free ferromagnetic layer has a thickness falling in the 
range of 13 nm to 12 nm. 

11. A magnetoresistive sensor according to claim 
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10, wherein said first and second pinned ferromagnetic 
layers and\said free ferromagnetic layer are formed of a 
material selected from the group consisting of Co, CoFe, 
CoFeB, and NiFe. 

12. A Vnagnetoresistive sensor according to claim 9, 
wherein at least one of said first and second pinned 
ferromagnetic layer and said free ferromagnetic layer has 
a laminated ferm structure. 

13. A magnetoresistive sensor according to claim 9, 
wherein each of saVLd first and second nonmagnetic 
intermediate layers\ is formed of Cu, and has a thickness 
falling in the range\ of 4 nm to 6 nm. 



first conductor layer; \ 

a first nonmagnetib intermediate layer provided on 
said first free ferromagnetic layer; 

a first pinned ferromagnetic layer provided on said 
first nonmagnetic intermediate layer; 

an antif erromagnetic U- aver provided on said first 
pinned ferromagnetic layer ; \ 

a second pinned ferromagnetic layer provided on 
said antif erromagnetic layer; t 
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A magnetonesistive sensor comprising: 



a first conductor layer; 



a first free ferromagnetic layer provided on said 




a second nonmagnetic intermediate layer provided on 
said second pinned ferromagnetic layer; 

a second free ferromagnetic layer provided on said 
second nonmagnetic intermediate layer; and 

a second conductor /layer provided on said second 
free ferromagnetic layer/ 

15. A magnetores/istive sensor having a first 
conductor layer, a second conductor layer, and a 
magnetoresistive film/ provided between said first and 
second conductor layers, 

wherein said Anagnetoresistive film has a thickness 
larger than that providing a maximum resistance change 
rate or resistance/ change amount in the case of passing a 
current in an in-falane direction. 

16. A magnetoresistive sensor according to claim 
15, wherein said magnetoresistive film comprises a spin 
valve film having a free ferromagnetic layer and a pinned 
ferromagnetic layer; and 

at least one of said free ferromagnetic layer and 
said pinned ferromagnetic layer has a thickness larger 
than that providing a maximum resistance change rate or 
resistance cmange amount in the case of passing a current 
in an in-plajne direction. 

17. A magnetoresistive head for reproducing 
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information recorded on a recording medium, comprising: 
a first \electrode terminal; 

a spin valve magnetoresistive element provided on 
said first electrode terminal at a position retracted 
from a medium opposing surface of said head, for 
converting a change in signal magnetic field leaked from 
said recording medium into a resistance change; 

a first flux guide having one end exposed to said 
medium opposing surface and another end overlapping one 
end of said spin valve magnetoresistive element, for 
guiding a magnetic \f lux from said recording medium to 
said spin valve magnetoresistive element; 

a second fluxlguide having one end overlapping the 
other end of said spin valve magnetoresistive element; 
and l 

a second electdode terminal provided on said spin 
valve magnetoresistive! element. 

18. A magnetoresistive head according to claim 17, 
wherein said spin valvel magnetoresistive element 
comprises a free ferromagnetic layer provided on said 
first electrode terminal, a nonmagnetic intermediate 
layer provided on said free ferromagnetic layer, a pinned 
ferromagnetic layer provided on said nonmagnetic 
intermediate layer, and an ant if erromagnetic layer 
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provided on said pinned ferromagnetic layer, 

19. A magnetoresistive head according to claim 17, 
wherein at least one of said first and second flux guides 
is in contact with said spin/ valve magnetoresistive 
element . / 

20. A magnetoresisyive head according to claim 17, 
further comprising: / 

a first magnetic shield provided below said first 
electrode terminal; ana 

a second magnetic shield provided on said second 
electrode terminal; / 

said second flux guide and said first magnetic 
shield being magnetically connected through a flux path. 

21. A magnetoresistive head according to claim 17, 
wherein at least one of said first and second electrode 
terminals is in afontact with a part of a film surface of 
said spin valve magnetoresistive element, and said at 
least one electrode terminal is smaller in size than said 
spin valve magryetoresistive element in said film surface. 

22. A magnetoresistive head according to claim 21, 
wherein the otiher of said first and second electrode 
terminals is fl_n contact with a part of another film 
surface of said spin valve magnetoresistive element, and 
said first apd second electrode terminals have 
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substantially Vthe same size. 

23. A magnetoresistive head according to claim 17, 
further comprising magnetic domain control films provided 
on the opposite \s ides of said spin valve magnetoresistive 
element; 

each of satLd magnetic domain control films being 
formed from one of a high-coercivity film and an 
ant if erromagnetic \f ilm. 

24. A magnetoresistive head for reproducing 
information recorder! on a recording medium, comprising: 

a first magnetic shield; 

an insulating \layer provided on said first magnetic 

shield; 

a spin valve magnetoresistive element provided on 
said insulating layer pt a position retracted from a 
medium opposing surface of said head, for converting a 
change in signal magnetVic field leaked from said 
recording medium into a \ resistance change; 

a first flux guide having one end exposed to said 
medium opposing surface and another end overlapping one 
end of said spin valve magnetoresistive element, for 
guiding a magnetic flux from said recording medium to 
said spin valve magnetores active element; 

a second flux guide having one end in contact with 




the other end of said spin valve raagnetoresistive 
element; 

\ an electrode terminal provided on said spin valve 
magnetftoresistive element; 

a second magnetic shield provided on said electrode 
terminal; and 

a Yfilux path for connecting said second flux guide 
and said first magnetic shield. 

25. \ A raagnetoresistive head according to claim 24, 
wherein said spin valve magnetoresistive element 
comprises a free ferromagnetic layer provided on said 
insulating latter in partial contact with said one end of 
said second flux guide, a nonmagnetic intermediate layer 
provided on said free ferromagnetic layer, a pinned 
ferromagnetic layer provided on said nonmagnetic 
intermediate layer, and an ant if erromagnetic layer 
provided on said fknned ferromagnetic layer. 

26. A magneuoresistive head according to claim 24, 
wherein said electrode terminal is in contact with a part 
of a film surface of\said spin valve magnetoresistive 
element, and said electrode terminal is smaller in size 
than said spin valve magnetoresistive element in said 
film surface. \ 

27. A magnetoreststive head according to claim 24, 
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further comprising a nonmagnetic layer provided on said 
insulating layer and between said first and second flux 
guides ; 

sa\d spin valve magnetoresistive element being 
provided oh said nonmagnetic layer. 

28. \A spin valve magnetoresistive head according 
to claim 24, \ further comprising magnetic domain control 
films provideo on the opposite sides of said spin valve 
magnetoresistive element; 

each of s^aid magnetic domain control films being 
formed from one 4f a high-coercivity film and an 
ant if erromagnetic \Eilm. 

29. A magnet\oresistive sensor comprising: 
a first antif eorromagnetic layer; 
a pinned ferromagnetic layer provided on said first 

antif erromagnetic layeA; 

a nonmagnetic intermediate layer provided on said 
pinned ferromagnetic 

a free ferromagnetic layer provided on said 
nonmagnetic intermediate layer; and 

a second antif erromagnetic layer provided on said 
free ferromagnetic layer for performing magnetic domain 
control of said free ferromagnetic layer by an exchange 
bonding force; 
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wherein a portion of said second antif erromagnetic 
layer contacting a magnetic fieLd sensing portion of said 
free ferromagnetic layer is formed of a compound of 
constituent elements of said second antif erromagnetic 
layer and a reactive element /selected from the group 
consisting of fluorine and ahlorine. 

30. A magnetoresistive sensor according to claim 
29, wherein said second anfcif erromagnetic layer is formed 
of an alloy of manganese and another metal element. 

31. A magnetoresistive sensor according to claim 
29, wherein said second /antif erromagnetic layer is formed 
of an alloy selected from the group consisting of NiMn, 
PtMn, PdPtMn, and IrMnJ 

32. A manufacturing method for a magnetoresistive 
sensor, comprising the steps of: 

forming a first antif erromagnetic layer; 

forming a pinned ferromagnetic layer on said first 
antif erromagnetic layer; 

forming a nonmagnetic intermediate layer on said 
pinned ferromagnetic layer; 

forming a free ferromagnetic layer on said 
nonmagnetic intermediate layer; 

forming a /second antif erromagnetic layer for 
performing magnetic domain control of said free 
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ferromagnetic layler by an exchange bonding force, on said 
free ferromagnetic layer; and 

applying a reactive element selected from the group 
consisting of fluonine and chlorine to a portion of said 
second antif erromagnetic layer contacting a magnetic 
field sensing portion of said free ferromagnetic layer to 
thereby form a compound of constituent elements of said 
second antif erromagnefcic layer and said reactive element 
at said portion of said second antif erromagnetic layer. 

33. A magnetorqsistive head comprising: 
a lower electrode; 

a magnetoresistive film provided on said lower 
electrode; \ 

magnetic domain control films provided on the 
opposite sides of said magnetoresistive film; 

an upper electrode provided on said 
magnetoresistive film and said magnetic domain control 
films ; and \ 

a planar izing film provided between said upper 
electrode and said lower electitode so as to embed said 
magnetoresistive film and said magnetic domain control 
films- \ 

34. A magnetoresistive head according to claim 33, 
further comprising a protective film provided between 
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said magnetoresistive film and said upper electrode, said 
protective film having a thickness not less than 1/2 of 
the thickness of said magnetoresistive film. 

35. A magnetoresistive head according to claim 34, 
wherein said protective film is formed of a soft magnetic 
material . 

36. A magnetoresistive head according to claim 33, 
wherein said planarizing film is formed from an 
insulating magnetic film. 

37. A magnetoresistive head according to claim 36, 
wherein said insulating magnetic film is formed of 
ferrite. 

38. A magnetoresistive head according to claim 33, 
wherein said planarizing film has a laminated structure 
composed of a conductive film and a nonmagnetic 
insulating film. 

39. A magnetoresistive head according to claim 38, 
wherein said magnetic domain control films are formed 
from a CoCrPt film, and said nonmagnetic insulating film 
is formed from an Si0 2 film or an Al 2 0 3 film. 

40. A magnetoresistive head according to claim 33, 
wherein at least one of said lower electrode and said 
upper electrode is formed from a soft magnetic film. 

41. A magnetoresistive head according to claim 33, 
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wherein said magrtetoresistive film is selected from the 
group consisting of a spin valve film, a tunnel 
magnetoresistive fUlm, and an artificial lattice film. 

42. A manufacturing method for a magnetoresistive 
head, comprising the steps of: 

sequentially uaminating a lower electrode, a 
magnetoresistive film, and a protective film formed of a 
soft magnetic material! on a substrate; 

performing first etching of said magnetoresistive 
film and said protective film into a given shape; 

depositing a planarizing film including a magnetic 
domain control film ovensaid substrate; 

performing first planarization of said planarizing 
film to fill a portion removed by said first etching with 
said planarizing film by usiLng a planarization technique; 

performing second etching of said magnetoresistive 
film, said protective film, and said planarizing film 
into a given shape after said\first planarization; 

depositing an insulating film over said substrate; 

performing second planarization of said insulating 
film to fill a portion removed bv said second etching 
with said insulating film by usina the planarization 
technique ; and \ 

depositing an upper electrode\ over said substrate 

81 \ 




to bring said upper electrode into contact with said 
protective film. 

43 - \ A manufacturing method according to claim 42, 
wherein saidYplanarization technique is selected from the 
group consisting of a chemical-mechanical polishing 
process, a lapprng process, and an etchback process. 
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